This paper describes experimental investigation of the relationship between feature quantity of sound signal and feeling impression using PCA (Principal Component Analysis). As the feature quantity, we use Fluctuation value and sum of squared errors (Residual) which is calculated by regression analysis of sound signal, in the same way as our previous paper. In order to investigate the feeling impression and effect from sound signal, we use a questionnaire survey method, that is, we ask some examinees to evaluate their feeling impression about sound (music) that we provide. As a result, we have found that the feeling response of examinees can be classified into three groups by a clustering analysis. And we have verified the feeling impression effects depending on each group of examinees and four kinds of frequency zone of sound signal from the results of PCA. In this paper, we also discuss the analysis results on the Kansei (or feeling) effect.
Introduction
Recently, 1/f fluctuation in various fields of signal has been actively researched, and it brings about an effect of such healing as a human being psychologically feels at ease, if there is a 1 /f relation between the power spectrum of the signal and the frequency f [1] [2] [3] [4] [5] [6] [7] . However, we focused that the power spectrum have same fluctuation but the distribution are different. And we doubted the strong influence of the emotional impression factors other than fluctuation value.
Therefore, in the previous research, we have defined three kinds of parameters such as fluctuation value (or Fluctuation), intercept (or Intercept), and sum of squared errors (or Residual) as feature quantity in sound signal obtained from the calculation of the signals' fluctuation degree. And we have investigated the relation between feeling impression and those parameters, by using multiple regression analysis 8 . And
we eliminate "Intercept" from the analysis, because this quantity (or parameter) is substantially equal to the volume of sound 8 .
Moreover we had considered possibility of the effect of feeling impression from frequency domains. So we divided into three frequency domains (Low Frequency (LF); 0~300Hz, Middle Frequency (MF); 300~1000Hz, High Frequency (HF); 1000~22050Hz) and analyzed each domain 10, 11, 16 . As the results, we have understood that feeling impression have an impact on Residual more than Fluctuation, especially high frequency. In the regression analysis, we can be seen the impact of the sound features for the evaluation value of individual sensibility adjective items (for example, lightness, quickness, etc.). Although, it is difficult to capture the main factors on the relation between feature quantity of sound which presented to examinees, and feeling impression of examinees. In this paper we analyze the affect of the feeling impression, from the music's Fluctuation and Residual, by use of principal component analysis. At first, we investigate the feeling impression of the music by using questionnaire survey. Then, from result we separate the examinees into the groups using clustering analysis. After that, we perform the PCA by the feeling impression or feature quantity of sound signal each frequency domains. Furthermore we analyze relationship between feeling impression, and Fluctuation or Residual through the correspondence relationship of principal component axis.
Investigation between 3 Parameters
Accompanying on the Calculation Fluctuation value (3PACF) and Feeling Impression
Fluctuation and 3PACF
Among fluctuations, the well-known 1/f fluctuation means that the power spectrum (PS) of a s ignal is proportional to the 1/f of frequency. Moreover, it is pointed out that there is an effect that a h uman being feels pleasantness [1] [2] [3] [4] [5] [6] . Fig. 1 is shown the conceptual image of PS. Let Y(f) and ε(f) be the power of PS and its error, respectively. And we define the PS which is shown in Fig. 1 as Eq. (1).
Taking the logarithm of both sides,
log log1 log log log
, respectively. And let k b log = , then we have the following Eq. (3).
Fig . 2 shows the regression line of Eq. (3). In Fig. 2 , the vertical axis and the horizontal axis are logarithm of PS and logarithm of frequency f, respectively. In this paper, we define the absolute-degree of the regression line a "Fluctuation". Then, we define the intercept of the regression line ("Intercept") as b, and we also define the error from the line as e. 
Evaluation of feeling impression
Next, we have used questionnaire survey in order to investigate the relation between 3PACF and feeling impression of music. The examinees are 34 students in the age of early twenties. The list of music used in this survey is shown in Table 1 . These sampling frequency and file format are 44.1 kHz and 16 bit wav, respectively. The files are ripped from CD using "Exact Audio Copy V1.0 Beta 3" with Pioneer BDR-S03J BD-drive. For every piece of the music, we have taken 20 seconds to play it. The examinees evaluated the 4 items as shown in Table 2 , by scoring from one to four. Also they have judged the preference for each of music by scoring from one to ten. 
Clustering analysis
Subsequently, we have conducted clustering analysis to divide into examinees groups who was similar feeling impression, by using the results of questionnaire survey. As preprocessing, we convert the evaluation (Item1 ~Item4) and Preference as follows;
Therefore, the data of whole examinees are consist from 34 set of 50 dimensional ((Item1 ~ Item4, and Preference) × 1 0songs) data. That is, this clustering analysis is performed in the 50-dimensional space. And we adopt Ward method 9 as the analysis.
Ward method is the method which uses often in the clustering analysis. As its characteristics, it i s known that it hardly occur the Chain Effect 9 . In this method, the distance of clusters between C i and C j is defined by Eq. (5), and it is fused from small cluster of distance.
In Eq. (5), d(x, y) and µ ij are Euclidean distance and the mean vector of the cluster that fused the cluster C i and C j .
Fig . 3 shows the concept of cluster fusion process by using Ward method. In the figure, cluster C i , C j , and C k have mean vectors µ i , µ j , and µ k , respectively. Because the distance between C j and C k is the smallest in Fig. 3 , they will be fused. .
Principal Component Analysis (PCA)
In this section, we describe the PCA 12, 13 performing space and the set of vectors. However, we decide to eliminate Intercept because it substantially equal to the volume of sound. First, we define Physical Quantity Space (PQS) that is two-dimensional space which axis is the fluctuation value and Residual. The subject of PCA is a set of 10 pieces of music vectors (Table 3) , and also we perform PCA in each frequency domain (AF, LF, MF, and HF).
The other hand, we define Feeling Adjective Space (FAS) that is five-dimensional space which axis is the feeling impression of the examinees. The subject of PCA is a set of 10 pieces of music's Feeling Impression Vectors (FIVs). (6) Then, we convert the evaluation (Item1 ~ Item4) and Preference as same as Section 2.2. And we define the converting processed vector, as Eq. (7). a 1 , …, a 5 are zero or one in Eq. (7). That is;
Hence, the vector S i * of the sum of evaluation r people is FIV which is defined by Eq. (8) . Z 1 , …, Z 5 are the sum of evaluation Item1 ~ Preference of r people, respectively.
( )
That is, we apply Eq. (6) ~ Eq. (9) to each group, which is divided by using clustering analysis, and we perform PCA of the each group. Subsequent sections, we define u n (n=1, 2) and v m (m=1, …, 5) in the principal component axis of set of vectors on PQS and FAS, respectively. Additionally, we define f i and x i in the vectors of music number i (i= 1, …, 10) on PQS and FAS, respectively. So we can express f i and x i on the coordinate axes u n and v m respectively as follows.
Correlation of the principal component axis
Subsequently, we investigate the correspondence of principal component axes of PQS and principal component axes of FAS. Let C u and C v be the coefficient matrix which is calculated by PCA of PQS and the coefficient matrix which is calculated by PCA of FAS, respectively. And we can describe the basis vectors u n and v m by using p n (the basis vectors on PQS) and i m (the basis vectors on FAS), as shown in Eq. Table 5 a nd Fig. 5 show the results of PCA on PQS (Physical Quantity Space). The plotted marks in Fig. 5 indicate endpoints of the vectors from origin. F rom Table 5 a nd Fig. 5 , we consider that the music that is used in the investigation of this paper, the weight of Fluctuation and the Residual are same degree. Because the components of the Fluctuation and Residual are contained in u 1 and u 2 approximately equal proportions. The other hand, Table 6 and Fig. 6 show the results of PCA on FAS (Feeling Adjective Space). In the space, we do not consider principal component v 3 , because the cumulative contribution ratio of principal component v 1 and v 2 are about 94.7% in minimum of each groups. From Table 6 and Fig. 6 , we understand as follows;
PCA
• In group G1, v 2 is Preference, and the correspondence between v 1 and Item2 (Lightness) or Item3 (Artificial) are also strong.
• In group G2 and G3, the correspondence between v 1 and Item4, v 2 and Item1 are strong respectively.
That is, 56% of examinees (G1) prefer light and artificial music in which have used this paper. However tendency of music to suit the taste of the remaining of examinees (G2 and G3) are not clear, because there are individual differences. From Fig. 6(a) , we consider that examinees of group G1 prefer "Believe_you". 
Correlation of the principal component axis
We have calculated the correlation coefficient between principal component axes of PQS (u n ) and FAS (v m ) based on the results of PCA on each space, in each frequency domains (AF, LF, MF, and HF). Table 7 and Fig. 7 show the results of correlation (a) Music vector Table 6 . PCA results on Feeling Adjective Space (FAS).
(a) Music vector Table 7 . Correlation coefficient between principal.
17
(a) Group G1 coefficient in each group (G1, G2, and G3). The colored portion of Table 7 indicates that the absolute value of the correlation coefficient is 0.700 or higher.
Group G1
From Table 7 (a) and Fig. 7 (a) , the correlation coefficient on AF and HF between u 1 and v 1 are 0.926 and 0.931 respectively, so they have strong positive correlation. We refer Fig. 5 
Group G2
From Table 7 (b) and Fig. 7 (b) , we understand that G2 have tendency same as G1. And, the correlation coefficient of each domain between u 1 and v 1 are higher than 0.761, so they have positive correlation. Besides, we refer Fig. 6(b) , increase in Item4 (Positive) is tendency in response to increase of v 1 . Therefore, we consider the music become positive impression by increasing Fluctuation and Residual.
Group G3
From Table 7 (c) and Fig. 7 (c) , we understand that the correlation coefficient of each domain of G3 between u 1 and v 1 are higher than 0.911, so they have strong positive correlation. Especially the correlation coefficient of AF between u 2 and v 2 is -0.784, so they have negative correlation. We refer Fig. 6(c 
Overall tendency
We understand that 56% of examinees (Group G1) feel light and artificial impression from the music which both of Fluctuation and Residual are high, and they have tendency that they prefer the music which Fluctuation and Residual are high and low, respectively. We also understand that rest of 44% examinees (Group G2 and G3) feel positive impression, but they don't. We can judge that the sensitivity of the music impression is strong influence by Fluctuation and Residual of HF, because the above tendencies are common to AF and HF.
Conclusion
In this paper, we have investigated the effects between feature quantity of sound signal and feeling impression by using Principal Component Analysis (PCA). As feature quantity, we have used Fluctuation and Residual. As for the feeling impression questionnaire, we have presented 10 piece of music to examinees and they evaluated 5 items, i.e. quickness, lightness, artificial, positiveness, and preference (like or dislike). Then, we performed clustering analysis using Ward method based on the evaluation results, and we understood that the examinees feeling impression could be divided into 3 groups. Next, we have performed PCA in the Physical Quantity Spaces of the each frequency domain (AF, LF, MF, and HF) and performed PCA in the Feeling Adjective Spaces of each group. Furthermore, we also investigated correlation between the principal component axes.
As the results, we have understood that 56% of examinees feel light and artificial impression from the music in which both values of Fluctuation and Residual are high. And we have also found that they prefer such music. Although there were not seen such correlativity about the rest 44% of examinees, we were able to understand that they feel positive impression from the music in which the both values of Fluctuation and Residual are high.
